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(54) Microbiological cell lysis 

(57) Cell lysis may be brought about by contacting 
a suspension of cells with a lysis reagent such as sodi- 
um hydroxide solution; subsequent treatment enables 
organic molecules such as plasmid DNA to be separat- 
ed from other cell components. Intimate mixing of the 
cell suspension with lysis reagent is achieved by pas- 
sage through a fluidic vortex mixer (1 8) arranged so the 
residence time of the cell suspension in the mixer (18) 



is less than the time for lysis to be completed, and may 
be less than 0.1 seconds. Suchavortex mixer(18) com- 
prises a cylindrical chamber with an axial outlet duct and 
at least one tangential inlet duct, but with no internal baf- 
fles. The low shear stress to which the cell suspension 
is subjected minimizes loss of product through denatur- 
ation or fragmentation of the product, and indeed of con- 
taminants. The subsequent treatment may also utilise a 
fluidic vortex mixer (32). 
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Description 



[0001] This invention relates to a process for treating 
suspensions of microbiological cells, for example for 
performing cell lysis, and for treating the fluid produced 
as a result of cell lysis. 

[0002] A range of complex organic molecules can be 
synthesised within cells, such as bacterial cells, in a fer- 
mentation process. The desired product molecules 
must then be recovered and purified from the cells. In 
many cases, for example the synthesis of genetic ma- 
terial in the form of plasmid DNA, this is achieved using 
an initial cell lysis step followed by subsequent process- 
ing to remove contaminants through techniques such as 
precipitation. Cell lysis may be brought about by con- 
tacting a suspension of the cells with a lysis reagent 
such as sodium hydroxide solution. The rate at which 
homogenous mixing can be achieved is crucial to opti- 
mal performance of the lysis reaction. If the rate of mix- 
ing is too slow then lysis will occur in discrete regions 
within the fluids held within the mixer. This will reduce 
the rate at which lysis agent is able to contact the cells 
suspended within the fluid, as local increases in viscos- 
ity will impede the efficiency of the mixing process. This 
may result in damage to the desired product as a result 
of prolonged exposure to shear forces induced by the 
mixer, and loss of product due to incomplete lysis of the 
cells, and it increases the possibility of fouling due to the 
formation of byproducts from the lysis reagent cross re- 
acting with other cell components released subsequent 
to lysis. 

[0003] According to the present invention there is pro- 
vided a method for processing cells wherein an aqueous 
suspension of cells is intimately mixed with a lysis rea- 
gent by passage through a fluidic vortex mixer, the di- 
mensions of the mixer and the flow rates being such that 
the residence time of the cell suspension in the mixer is 
less than the time for lysis to be completed. 
[0004] A fluidic vortex mixer comprises a substantially 
cylindrical chamber with an axial outlet duct at the centre 
of an end wall of the chamber, and with at least one sub- 
stantially tangential inlet near the periphery of the cham- 
ber to create a spiralling flow in the chamber. A second 
liquid may be supplied through a second tangential inlet, 
or through a radial inlet. The chamber contains no vanes 
or baffles. Such a mixer achieves a very intimate mixing 
of the two liquids in a very short time, yet it does not 
subject the liquids to high shear. It is also much less 
prone to being fouled, for example by proteinaceous de- 
posits, than other types of mixer. 
[0005] The residence time means the time taken by 
the cell suspension to pass through the mixer. This is 
preferably much less than the time taken for lysis to be 
completed, and is preferably less than 0.1 seconds, 
more preferably less than 0.01 seconds, so that the 
emerging liquid mixture is of viscosity similar to that of 
the in-flowing cell suspension. In this specification 'com- 
pletion of lysis' refers to both the breaking down of the 



cell walls and the resulting increase in viscosity as cel- 
lular proteins and chromosomal DNA released from the 
cells interact with the lysis reagent. Preferably the vis- 
cosity increases during passage through this mixer by 
s a factor of no more than ten times, more preferably no 
more than five times, for example less than twice. The 
low shear stress to which the cell suspension is subject- 
ed minimizes loss of product through denaturation or 
fragmentation of the product, and indeed of contami- 
10 nants. Furthermore the rapid, intimate mixing ensures 
that all the cells are subjected to optimal conditions for 
lysis to occur. 

[0006] The cell processing procedure usually involves 
subsequent treatment of the lysed cells with a precipi- 
is tation agent. The invention also envisages a mixture of 
cell suspension and lysis reagent being mixed with the 
precipitation agent by passage through a fluidic vortex 
mixer. This may be a second such vortex mixer. Alter- 
natively the precipitation agent may be mixed with the 
20 mixture of cell suspension and lysis reagent during its 
passage through the first vortex mixer, by supplying the 
precipitation agent to a third inlet duct into the first vortex 
mixer; this third inlet duct preferably communicates with 
the outlet duct from the chamber, and the open end of 
25 this third inlet duct may be adjustable in its position along 
the axis of the outlet duct. 

[0007] The invention will now be further and more par- 
ticularly described by way of example only, and with ref- 
erence to the accompanying drawing which shows a 
30 flow diagram for a cell product recovery system. 

[0008] Referring to the drawing, a system 1 0 is shown 
for obtaining plasmid DNA Bacteria (Escherichia coli) 
genetically engineered to make the desired plasmid 
DNA are grown in a fermentation vessel 12. When suf- 
35 ficient fermentation has taken place, an aqueous cell 
suspension is pumped from the vessel 12 by a low- 
shear pump 1 6 (such as a mono pump) to one tangential 
inlet of a fluidic vortex mixer 18. An aqueous solution of 
sodium hydroxide is supplied from a storage tank 20 via 
40 a pump 22 to a second tangential inlet of the vortex mix- 
er 18. The resulting intimate mixture of cell suspension 
and sodium hydroxide emerges from an axial outlet 24 
of the mixer 1 8; the residence time of the cell suspension 
in the mixer 18 is less than 0.1 seconds, 
45 [0009] By way of exemplification, the flow rate through 
the mixer 18 might be one litre per minute, and the cy- 
lindrical chamber in the mixer 18 might be of diameter 
10 mm and of height 2 mm, the two inlet ducts being of 
cross-sectional area 1 mm 2 and the outlet duct 24 of 
so diameter 2 mm. This would provide a residence time of 
about 8 ms. If the flow rate through this mixer 18 were 
halved, to 0.5 litre/min, the mean residence time would 
be doubled, to about 16 ms. 

[0010] The mixture from the outlet 24 is supplied to a 
55 tank 26, in which lysis is completed. The cell mem- 
branes break down, and open-strand DNA and RNA 
form complexes with each other and with proteins; con- 
sequently the mixture uniformly increases in viscosity. 
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The tank has an outlet duct 28 at the bottom, the flow 
rates and the dimensions of the tank 26 being such that 
the residence time of the mixture in the tank 26 is suffi- 
cient to ensure lysis is complete, for example one 
minute, or 10 minutes. Mixture from the tank 26 is 
pumped by a low-shear pump 30 such as a mono pump 
to a tangential inlet of a second fluidic vortex mixer 32; 
a buffer solution of sodium acetate and acetic acid is 
pumped from a storage tank 34 by a pump 36 to another 
tangential inlet of the fluidic vortex mixer 32, and the re- 
sulting mixture is supplied to a tank 40. The buffer solu- 
tion lowers the pH of the mixture to about pH 3.5, and 
the complexes consequently precipitate. As with the 
mixer 1 8, the mixing process in the mixer 32 takes place 
rapidly, and the residence time is less than the induction 
time for precipitation to commence so that there is no 
tendency for fouling due to proteinaceous deposits in 
the mixer 32. 

[0011] The mixture from the tank 40 is then supplied 
to a centrifuge 42, such as a disk stack centrifuge, to 
separate the precipitate (which contains proteins and 
precipitated open-strand chromosomal DNA and host- 
cell RNA) from the supernatant liquid (which contains 
the plasmid DNA). 

[0012] It will be appreciated that the system 10 can 
be modified in various ways while remaining within the 
scope of the present invention. For example, the cells 
from the cell fermentation tank 12 might be separated 
from the aqueous fermentation medium by centrifuging, 
and then resuspended in an appropriate aqueous solu- 
tion, before being supplied to the fluidic vortex mixer 1 6. 
Alternatively, in the system 10, the pump 16 might be 
omitted and the cell suspension supplied directly to the 
vortex mixer 18 as a result of gas pressure or hydrostatic 
pressure in the tank 12. The tank 26 in which lysis is 
completed may be provided with an impeller, and indeed 
may be subdivided axially into successive cells with a 
common impeller, to provide better control over the res- 
idence time. In a further alternative, the buffer solution 
from the tank 34 (which causes precipitation) might in- 
stead be supplied through a capillary tube (not shown) 
into the outlet duct 24 so as to feed the buffer solution 
directly into the swirling liquid near the axis of the duct 
24; the duct 24 can then be connected directly to the 
precipitation tank 40. This enables the cell walls to be 
broken down, but prevents the subsequent unravelling 
of the cell contents and the consequential increase in 
viscosity from occurring. 



Claims 



chamber, and with at least two inlets at or near the 
periphery of the chamber, at least one inlet being 
substantially tangential so as to cause spiralling 
flow in the chamber, the chamber containing no baf- 
5 fles, and the dimensions of the mixer and the flow 
rates being such that the residence time of the cell 
suspension in the mixer is less than the time for lysis 
to be completed. 

10 2. A method as claimed in claim 1 wherein the resi- 
dence time is sufficiently short that the viscosity of 
the mixture increases by a factor of less than two 
during passage through the fluidic vortex mixer 
(18). 

15 

3. A method as claimed in claim .1 or claim 2 wherein 
the residence time is less than 0.01 seconds. 

4. A method as claimed in any one of the preceding 
20 claims wherein the mixture of cell suspension and 

lysis reagent is subsequently mixed with a precipi- 
tation agent (34) by passage through a second flu- 
idic vortex mixer (32). 

25 5. A method as claimed in any one of claims 1 to 3 
wherein a precipitation agent is injected into the 
mixture of cell suspension and lysis reagent within 
the outlet (24) from the fluidic vortex mixer (18). 



1 . A method for processing cells wherein an aqueous 
suspension of cells is intimately mixed with a lysis 
reagent by passage through a mixer, characterised 
by the mixer being a fluidic vortex mixer (18) com- 
prising a substantially cylindrical chamber with an 
axial outlet (24) at the centre of an end wall of the 
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